es Are Expressed on H-2"-restricted but not ASANO ET AL. 1615 10 6 KLH-primed 1310, BMW and B6C3F, Th cells were treated with indicated antibody + C . The residual cells were cocultured with 3 x 106 TNP-primed BIO or BIO.B R B cells in the presence of 1 ng/ml TNP-KLH. B cells alone gave no PFC . natant was estimated by the enzyme-linked immunosorbent assay as previously described (25) . Responses that exceed the mean plus three SD of the control were scored as positive .
Results

Association of I J k Epitopes with the H-2k Restriction Element of Th Cells in H-
2kxbF, .
KLH-primed T cells from B10, B10.BR, and B6C3F, mice were treated with anti-IJ' and C, and the residual cells were cultured with TNP-primed B10 or B10.BR B cells to induce the in vitro secondary anti-TNP antibody response . The helper function measured in this experimental condition has been known to be due only to the cognate-type Th cells (19) . Table I shows that the treatment of Th cells of BIO.BR but not of B10 with three out of four anti-1-KN34, and JKIO-23) abrogated the anti-TNP antibody formation by syngeneic B cells. This indicates that I-j epitopes are present on the cognate-type Th cells.
F, Th cells were found to help B cells of 1310 and B10.BR equally well to induce a comparable secondary anti-TNP antibody response ( Table 1) . The helper activity restricted to BlO.B R was greatly reduced by the cytotoxic treatment of F, T cells with the anti-I Jk mAb. The same treatment of F, Th cells did not alter the response mounted by B10 B cells, indicating that I-J' epitopes are expressed only on I-A k -restricted but not on I-A6-restricted Th cells in the F, T cell population . These mAb were also able to block the I-A'-restricted helper activity when they were simply added to the culture of F, Th and BIO .B R B cells (data not shown) . Assignment of IJk Epitopes on Th Cells in the MHC. To determine whether I-j epitopes on Th cells are controlled by the I-j locus assigned with Ts and TsF (16, 17) , the cells from various congeneic and recombinant mice were tested for the expression of I-J' . KLH-primed T cells of BI O, 3R, 4R, 5R, and B10 .A were treated with anti-I Jk mAb and C, and the residual cells were cultured with TNPprimed syngeneic B cells in the presence of TNP-KLH. As shown in Table 11 , the helper function of T cells of BIO.A and 5R was abrogated by the treatment with the same three of the anti-1-j' mAb (1 G8, KN34, and JK10-23), while that of 1310, 3R, and 4R T cells was not. The results indicate that the I-j epitopes detected by our anti-I Jk mAb on Th cells are controlled by the locus mapped at the previously prescribed position in the MHC. 106 KLH-primed B10, 3R, or 5R Th cells were treated with indicated antibody + C. The residual cells were cocultured with 3 X 10 6 TNP-primed B10 B cells in the presence of 1 ng/ml TNP-KLH.
B cells alone gave no PFC.
Expression of I Jk
Epitopes on I-A°-restricted Th Cells in 5R but not in 3R . 5R but not 3R T cells express I Jk (16, 17) . Th cells in these recombinant strains are, however, both I-A b -restricted. An experiment was, therefore, carried out to assess whether their I-Ab-restricted Th cells carry I which major MHC restriction was directed (Table IV) 
Discussion
Previous studies in this series (16, 17) indicated that some of the anti-la mAb raised by the combination of I region-incompatible strains of mice did not bind to class II antigens but reacted with the site on T cells involved in the MHCrestricted cell interaction . These antibodies were reactive only with T cells but not with B cells and macrophages, and thus were designated as anti-Iat antibodies (26, 27) . They were able to block class II-restricted macrophage-T cell and T-B cell interactions, resulting in the inhibition of the in vitro secondary antibody response (16, 17) . The target site of these antibodies are detected on Th cells of F, animals restricted to only one parental strain of mice but not to the other, and can be adaptively acquired by Th cells of different genotype origin when developed in radiation bone marrow chimeras (17) . These results indicated that lat antigens are not the direct products of class II genes but are associated with a structure on T cells that sees the MHC polymorphism .
I-j is in many respects analogous to Iat, as it is expressed only on functional T cells (5) . Although IJ was first demonstrated on Ts and TsF (1, 2), it has been detected on a variety of T cell subsets including Th, Ts-inducer, and MLR responders (15, (28) (29) (30) (31) . It has recently been demonstrated that IJ can be adaptively expressed by T cells of different genotype that have developed in the radiation bone marrow chimera and in transgenic mice (29) (30) (31) (32) . The present experiments were undertaken to elucidate the nature of I-j in the light of adaptive changes of restriction specificity in bone marrow chimeras . A newly established anti-I J mAb JK 10-23 was used to study the expression of I-j on Th, as this mAb was able to absorb TsF and to kill Th of H-2k origin . However, there was no absolute association between the I-J phenotype and the MHC restriction specificity. I Jk was found on Th of BIO.BR and BIO.A having the H-2k restriction specificity, whereas Th from 4R having the same H-2k restriction specificity was not killed by the anti-I Jk. Furthermore, Th cells of 5R were shown to be positive for I Jk regardless of the fact that they are H-2 brestricted . The same H-2b-restricted Th of both 3R and of B10 were absolutely negative for I Jk. The results bring us back to the original mapping of I-J in between I-A and I-E based on the genetic studies (1, 2) .
Third, all above findings were verified in radiation bone marrow chimeras, where these recombinant mice were used as recipients of bone marrow stem cells of different genotypes. Without exception, the restriction specificity of Th cells followed the host type, and the I-J expression on Th was exactly the same as that expected for the host haplotype. By examining the I-J expression of Th cells of F, -4 recombinant chimeras, where Th cells were primed with the identical F,-type antigen-presenting cells (APC), the I-J expression of at least Th cells is solely determined by the selection in the thymic environment, rather than by priming with APC.
The final most striking finding is the linked expression of the parental H-2 restriction specificity and the I-J phenotype in the F, Th cell population . This was best exemplified in Th cells in (4R x 5R)F,, where Th cells were either H-2 k_ or H-2b-restricted. I Jk was found only on H-2b-restricted but not on H-2 krestricted Th cells. As H-2b restriction specificity was a trait possessed by 5R, the strain with I Jk, there was an absolute linkage between the restriction specificity and the I-J phenotype in F, Th cells. If we refer to the original mapping of I-J, the results obtained here indicate that there is only a cis expression of the restriction specificity and I-J phenotype in the F, (e.g., 5R has the linked expression of I-Ab and I Jk, and 4R, I-Ak and I-Jb). The experiments with chimeras also support the notion that there is no case where expression of I Jk is associated with MHC restriction other than that originally possessed by the host .
All these results indicate that I-J is an isomorphic structure T cells acquire in conjunction with their H-2 restriction during early differentiation in the thymus . I-J is probably directly involved in the MHC-restricted cell interaction, as anti-1-J mAb can block the response . The simplest deduction is that I-J is an inducible T cell receptor for the self class II polymorphism, which is involved in the T cells' H-2-restricted functions.
However, the present results indicate that the I-J isomorphism does not always correlate with the specificity of the MHC restriction. The Th of 5R restricted to On the other hand, the parental restriction specificity and the I-j phenotype were always coexpressed in F, T cells. If the expression of I-j is merely due to an educational process in T cells according to the class 11 expression of the thymic environment, there should be F, T cells with I-j expression associated with the both parental H-2 restriction specificities. The absence of I Jk-positive T cells having the opposite I-Ab restriction specificity in the (BIO X B10.A)F, suggests that the I-j isomorphism is physically associated with, or even identical to, the MHC restriction site of T cells. However, I-j isomorphic structure does not correspond to the given restriction specificity.
Although we do not want to reiterate the debates on the nature of I-j molecule (reviewed in 33 and 34), we have to examine here a few critical points . Is I-j indeed associated with the known T cell receptor (TcR)? There are very little biochemical data available to verify or disprove the identity of I-j determinants as a substructure of TcR (35, 36) . The discrepancy between the I-j phenotype and the restriction specificity in recombinant mice, as well as their exclusive cis expression in F, suggests that I-j is not merely the epitope on the anti-MHC portion of TcR. Although it is related to the acquirable restriction specificity of T cells, it does not directly correlate with the specificity per se.
Second, what does the I-j represent? The prevalence of the I-j among class IIrestricted population of T cells indicates that I-j is an isomorphic structure shared by a large population of T cells having class 11 MHC-restricted functions involved either in help or suppression. Our more recent results indicated that the generation of both suppressor and augmenting regulatory T cells was inhibitable by the administration of the anti-I J mAb into the in vitro culture of primed lymphocytes (37) . It has been known that I-j is predominantly expressed on Ts cells (1-10, 33, 34) , while it has become clear that other regulatory T cells, including Th, also carry I-j epitopes . Detailed information about the identity of I-j on Th and Ts is still lacking. In addition, the mode of acquisition of MHC restriction by Th and Ts seems to be different. However, since these regulatory T cells are selectively interacting with specified target cells, the isomorphism of I-j should be an ideal device to direct the cell interactions . Thus, the I-j appears to be involved in the construction of MHC-restricted regulatory circuits .
Finally, the origin of IJ polymorphism is still unknown. The present results indicated that both class II and TcR genes by themselves do not explain the I-j specificity (see above discussion). Recently, Kawasaki and colleagues (38) demonstrated that the antiidiotypic reagent against a monoclonal anti-I J inhibited the induction of IJ+ Ts by reacting with APC and B cells. The target of antiidiotype of I-j was not class II antigen, and hence was designated as I+ interacting molecule (IJIM) . As we cannot find the direct correlation between H-2 restriction specificity and I-J, a possibility should be considered that MHC polymorphism generates a second-order polymorphic structure, such as IJIM on APC and thymic cells, that dictates the I-j epitope. The linked inheritance of I J restriction specificity in F, suggests that such a putative IJIM should be influenced by the class 11 antigen.
Although the gene transfer experiments demonstrated that the conventional TcR «/,Q heterodimer can explain both the MHC restriction and antigenspecificity (39, 40) , the presence of additional polymorphic structure having a broad MHC restriction specificity has not been excluded . We may refer to some studies that proposed the two-receptor model for MHC plus antigen and MHC alone (41) . The present results with anti-I J also encourage further study of the specialized MHC restriction site associated with or in addition to the known TcR molecules.
The I-j enigma is one of the first-rated paradoxes in current cellular immunology and immunogenetics . Not much progress has been made in the molecular genetics of membrane biochemistry, despite numerous efforts. Nevertheless, the I-j issue provides important clues to study the mechanism whereby T cells recognize the right partner cells with which to interact for the construction of regulatory circuits . Summary I-j epitopes were found to be associated with the functional site of the class II MHC-restricted helper T (Th) cells: Virtually all of the H-2k-restricted Th cell function of H-2kxbF, T cells was inhibited by the anti-I Jk mAb, leaving the H2b-restricted function unaffected . The I Jk epitope was inducible in Th cells of different genotype origin according to the environmental class II antigens present in the early ontogeny of T cells. Although above results suggested that I-j is the structure reflecting the inducible MHC restriction specificity, further studies revealed some interesting controversies: First, the I-j phenotype did not always correlate with the class II restriction specificity, e.g., I-Ab-restricted Th from 5R was I-J'-positive, whereas I-Ak-restricted Th of 411 was not. Second, there was no trans expression of parental I-j phenotypes and restriction specificities in F, Th, e.g., the I-j phenotype was detected only on I-Ab-restricted Th of (4R X 5R)F,, whereas it was absent on I-Ak-restricted Th. This strict linkage between the restriction specificity and I-j phenotype was also found on Th cells developed in bone marrow chimera constructed with intra-H-2-recombinant mice . The expression of I Jk was always associated with the restriction specificity of the relevant host . Thus, the restriction specificity of Th cells followed the host type, and the I-j expression on Th was exactly the same as that expressed by the host haplotype. These results indicate that I1 is an isomorphic structure adaptively expressed on Th cells that is involved in the unidirectional regulatory cell interactions, and that the polymorphism cannot be explained merely by the restriction specificity of the conventional T cell receptor heterodimer.
